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CYLIMDtiR BARRJIL COOLING 171TH BONDED

pR31’owED COPPER FINS

3F E. H. Foster and H. H. Ellerbrook, Jr.

SUMMARY

Preformed copper fins were furnace-brazed to a steel-
cylinder barrel. The barrel was electrically heated and
bloyer-cooled to determj.ne the over-all heat-transfer co-
efficient . The experimental coefficients, ‘based on the
temperature of the steel, were approximately twice as large
as t~e calculated coefficients for a similar steel cylfn-
der with Integral fins of the same dimensions.

Inproving the thermal bond, which can be accomplished
by inproving the method of assenblp of the fins on the
barrel %eforo the brazing, cmn possibly increaeo the heat
trancfer of t%.o hnrrel 27 percent a%ove the values obtained.
3oth tho copper fin and the steel barrel are annealed %y
the 1200° F furnace tonporature roquirod for brazing. Ro-
cont do~olopmonts of high-frequency induction heating for
tho brazing operation are being tnveetlgatod with a view
to avoiding the incidental annomling which occurs in fur-
nnco brazing of tho fins.

INTRODUCTION

The ITACA In the past few years has conducted numerous
tests on the coolln~ of finned cylinders, Analyses of the
reeults of these tests indicate that wider and closer
spaced fins are required for the modern air-cooled d.r-
craft engine than can be obtained b,v the usual casting or
~achlning technique.

The preformed.fin. offers the advantages of practical-
17 unllmited fin dimensions and ~ln spacing as well as a
fin material having a higher thermal conductlv~t~ thnn
thnt of the ueual Integral steel fin. Copper has a thermal
conductivity more than 8 times that of steel and more than
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2+ times that of aluminum alloy. The weight of copper fin-
ning for equivalent cooling, therefore, compares faTorably
with that of finning with considerably lighter metals.
Copper is easil~ bonded to steel and Its procurement in
times of war has usually been easier than that of the
lighter aet91s.

This report presents results of blower-cooling tests
of a cyiinder barrel with furna.ce-brczed preformed copper
fias. !t”heover-all h.eat-tra~sfor coefficients were deter-
mi.nod and are shown plotted against tk.e theoretical val-
ues to obtcin on indication of t.ho excellence of the bond
%etwcen the copper and the steal. A discussion of the ad-
vantages of copper fins an? 05 futuro methods of bonding
them to the cylinder is includo~.

CXZI?3DEk ASSEK3LY

The first barrel was nade from a stock Pratt & Whitney
forging, roughly machined to an outside diameter agproxl-
m~tely that of the root diameter of the fins on a finished
li~m-5nlI-S:Z0‘hrre+= TwentF=six fins ~early 2 inches wide-.
nnd spaced nbout 1/8 inch npart were a~senhlod on tho ‘oar-
rel. T~oY wero node from 0.026-inch shoot copper wtth a
fl,-.nge rollqd on the inner diamotor to servo as n noans of
spmci~g and to afford c large surfnco for bonding to ‘the
%arrol (fig. 1). The copper-joint surfncos wcro cler.nod
with onory cloth cmd n p“:ckling fluid. Tho stool ‘oarrol
~,ae ZISO thoroughly cleaned with enor~ cloth and mnshod
wtth ‘oonzinc to romo~c grease: a connorci~l flux was 2p-
plied. After tho fins woro assonblod on tho ?m,rrol a ring
of 1/16-: nch dianotor, low-molting, silver solder wns placed
r.round oo,ch joi~t and moro flux was nddod~

TIM :ins, nlthough in one p:oce, wero split to permit
of t>eir >oing s>road to go over the thread >elt. Thi S
split wns tacked togethor at tho outor odGe of the fits
rith solder after the rinLs of s~ldor woro in pl.aco.

Tho ‘onrrol nssoa-oly WaS oloctricnll:~ furnaco--orazed
in a hydro~on ntnosnhore at a naximun tompcraturo of
1200° F. Ta-olo I s;ors n timo-tonpermturo record of tho
barrel WM1O ‘going ‘orazod.

!tho fins cano from tho furnace in tho annonled stnto
nnd had lost sonc of their original rigidity, although .
they rotainod their origlnnl bri~ht coppor color.
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A second &d a third barrel, not yet tested, were ma-
chZned..like_ the first. ~xcept that the outside diameter was
of a uniform size a%o~e the barrel flange so that it was
not neeessarF to cut the fins at assembly as In the first
Sot-up. The difference in Marneter between the barrel and
the tin was about 0.005 inch at room temperature. It was
found better tQ have the fins a push-spring flt on the bar-
rel owing to the greater expansion of the copper so that

the solder will not run down the barrel and be lost during
the tima the assembly is In the furnace. ..

After the fins were assembled a ooneentrlo ring of
stool was then added for tho thread belt and the whole as-
sembly wma furn ac~-brazed as in the first set-up. .

!Che copper used for the fink gf tho second and third
barrel was “ox~gon free, ❑ a much better grade than that
used for the first b~.rr~l.

Another method of nssomhllng the finri without cutting
them rould ho tho use of tho Ilnorolit,~e thread which per-
mits a Uniform sizd for tho outside of tho barrel above
tho bqrrcil fl~..nge.

3EAT-TRMWFER TESTS

~est armaratua.- !Cho test cylinder was oloctrically
hoatod ;“:itha wire coil wound on a soapstone core which
was inserted in tho cylinder. Loss of heat from the ends
of tho c?rlindor wns prevented by using cylindrical guard
rings nade of shoot metal and filled with rock wool (fig.
2).

Surfaco temporaturos were obtained at 29 points
around tho cyl~ndor by moans of iron-oonstantan thermo-
couples made from I!?o.40 gage wire. Hine of the thermo-
cou 10S momaured tho tomperaturo of tho steel barrel every
22*B from front to remr of the ~ylinder mnd flv~ measured
the tompornture at the bnso of tho copper fins.

In order to attach the thermocouples to tho steel,
l/8-inch diamotar.bolos wo~o dr511ud through tho copper
and soldor.with a tnporod drill until the clrill point
touchod tho stool. Then 0.018-inoh di~motor holes were .
drilled In the steel and the thermocouples poenod in place.
The bolos woro then filled with bakolite varnish. The
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thermocouples were attached to the fin base by cutting
small O.010-inch wide slots in the metal and peening the
thermocouples in place. Thermocouples were placed on the
fias one-third and two-thirds of the distance from base to
tip, anii on the tip every “45° from frunt to rear of the
cyii.nder. The thermocouples were soldered to the fins.
g?iermocouples were d.istri%ute”d over a number of fins so as
not to ‘olock the air flow in any one fin space. They were
shellacked to the fln~ and brought out through a %akelite
tube to a cold junction board as shown in fisure 3. An
ammater a~d a voltmeter were used to measure the electrical
input of the cylinder and a potentiometer measured the cyl--
inder temperatures.

Jacket.- The test unit was enclosed in a wood jacket,
as shown in figure 3, and air was drawn over the set-up
with a Roots %lower. The jacket shape and apparatus used
‘or such a test are full~ described in references 1 and 2.
~he jacket fitted ti~htly against the Sin tips and guard
rin~s. Partitions were placed between the ~uard. r%ngs and
cylinder (see fig. 3) so that all the air flowing Into the
jacket mculd flo~ ever the c~linder. The weight of cool-
ing air was measured with thin-plate orifices placed in
the ends of a large tank. Temperatures of the air at the
orifices and of tho cold J’unction were obtained with alco-
hol thermometers. A diagrammatical sketch of the appafa--
tus is shown in fi~ure 4. ,

Jhw2mattiwz ●- The weight velocity of the cooling air,
Vplgs ovor the fins was calculated W dividing the weight

of the nir passing over the c~lindor by the free-flow area
betveen the fins.

The esporimenta.1 heat-transfer coefficients, U, were
obtained ln~ dividing tho bent input per hour br the prod-
uct of the area of the wmll surfcco of tho cylinder and
tho Difference between tha average temperature of the wall
surface and the entering-nir temp~r?.ture. Coefficients
wero determined based on both tho tcnpcrnturo of tho steel
and th~ bent-over portion of the fins of t“ao c<ylinder.

Coefficients were nlso cnlculnted for steel and prac-
ticnll~ pure coppor fins, of the sr.ne proportions as those
of the test cylin~or, c~stointegrcllly. Those coefficients
were based on data determined from tests of Q large nmber
of cylinders (reference 3). The ~ethods af testing, to-
gother with a more detailed description o-f the nethods of
calculating the coefficients, are described in references
1, 2, 4, and 5.
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DISCUSSION
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Figure 5 shows the results-of the tests on the pres-
ent cylinder and calculated coefficlentm baeed on teet re-
sults of other cylinders. The coefficients ‘based on the
temperature difference of the copper at the fin root and
the cooling alr are approximat.el~ 9 percent lower than the
calculated coefflciente for practi~ally pure copper. About
5 percent of this difference c= be due to variation of the
test data: the remaining difference may be due to differ-
ence in puriiy of the copper. !Che experimental coeffi-
cients Imsed on the steel temperatures are approximately
14 percent lower than the experimental ”coefficients based
on the cogper temperatures at the fin root, indicating .
that the thernal bond between the copper fins and the steel
barrel is not perfect: that is, a temperature drop occurs
across the joint. Inproving tho bond and increasing the
purit~ of the netal can possibly Increase the heat trans-
fer of the cylinder 27 percent. However, the experimental
coefficients of the test cylinder based on the steel ten-
pcraturo are approxinntoly twice as great as the calculat-
ed coefficients for a stocl cylinder with stool fins of
tho saao di~onsions, oven with an Inperfoct. thernal bond.

In all the toste tho over-all heat-transfer cooffi-
ciont shomod that the bond botw~+on the copper fins and tune
st~ol cylinder wns inporfect. This condition was nntlcl-
patod hocause in drilling bolos at tho flango of the fin
for inserting the thornocouplos, occnsionml voids were en-
countered. When a condition of this kind was experienced,
the thornocouplo WELS plmced ndjacont to tho void but far
enough away to bo unaffected b~ this condition. In order
to a~oid an imperfect bond, leakage of tho brazing nateriml
past tho fine should ho elinlnated so that the space be-
twoon tho fine and tho.barrel is completely filled. This
can be acoonplished b~ nc,klng the fins a tighter fit on
the bsrrel at assenbly.

I’uturo work on tho adaptation of preforned copper
fins to stool e~llnders will include an investigation of
the ncrits of high-frequency induction heating for brazing.
This process will &tvo a good bond and nap avoid an;;::;
ing the copper fin and the steel-~ylinder barrel.
taneoua induction hardentng of the barrel and brazing of
the fins would afford a speedy production process.

A copper nufi with extruded integral fins has also

I ---- -_



6

boon sugdestoa as n nothod of “barrel cooling worthy of 3n-
vosti~ation. The extrusion process is now used in naking
fins on cooling coils for air-conditioning equipnent and
if it can “be applied to the fin sizes roquirod for nir-
coolod onglne cylinders it amp haTo so~e possl%ilitles
fron the standpoint of production.

EnGine tests have not wot boon ~a?.e to ?oternine the
effect of engine vibration and othor operating condltio~s
on the copper fin. It =ay he =ocessary to support the
fins at the outer edge, particularl~? where very wide fins
are requires to obtain the proper cooling. Su~port for the.
fin could be obtained b~ soldering or brazing the fin tips
to the jacket which directs tho air flow across the fins.

A conparicon of the relatiTe cooling obtained with
coppor, alun.inun, and steel fins is shown in figure 6* .
When comparod on a weight basis, it can be seen that the
higher thernal conductivity of tho coppor coro than offsets
its greater weight.

Tho large Increase in over-all haat-traasfer coeffi-
cient obtalne~ with the bondod preforned copper fin should
percit an increase in the spacific outguts of aircraft en-
gines of two to three tines thoso permissible with present-
aa~ inte~ral steel fins without exceeding barrel-cooling
linits.

CONCLUSIONS

1. The exporinontal heat-transfer coefficient of a
steel-cyltnder barrel with bonded preforned copper fins
was nore than twice that of the calculated coefficient of
a siuilar barrel with integral steel fins of equal dines- -
siocs qn.i s~acicg.

2. !Che preformed copper fin can be easily bon~ea to
a steel-cylinder barrel. OwinK to its high thernal coa-
ductiyity factor, it conpares favorably with an:~ of the
lighter fin n~,terlals Oa a fin weight-cooling basis.

3. The use of bonded preforned cop~er tins should
pernit aa increase in the specific outputs of aircrnft en-
gines of two to three tines thoce pernlssible vlth present-
da~ integral steel fins without excee?.in~ barrel-cooling
li=its.

Langley Memorial Aeronautlc~l Laboratory,
National Advtsory Connittee for Aeronautics,

Langley Field, V=.

--- ._. I
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Atmosphere Hydrogen

!l?Ime

9:30

9:35

9:40

9:45

9:50

9:55

10:00

10:05

10:10

10:15

10:20

10:25

10:30

Temperatures ‘C

Cylinder b~rrel thermocouples

----

260

417

495

560

575

590

61g

62~

630

637

652

----

230

384

471

544

573

590

61g

626

630

637

652

no. 5
.—

225

345

445

520

575

590

595

630

640

640

640

660

Fur nac e
- ——

TOp

7J0

750

685

665

635

640

625

615

635

645

620

615

640

—-

Bottom

750

750

635

590

615

655

625

615

638

635

610

610

645

At 10:30, work sent to cooler.
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